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Figure 1. - Flight model discharge system. 




spacecraft by measuring the radiated eiectomagnetlc noise pulses. The pulse 
Characteristics should provide the means of discriminating between arc discharges 
and spacecraft-generated noise. The combination of—these three different sensors 
should provide a good indication of the state of spacecraft charging, but any 
one alone (by exceeding a preset threshold level) will be able, via the controller, 
to activate the plasma source and reduce the charging. 

Considering each of the components in somewhat more detail, we come back to 
the plasma source. This will produce a low energy (<50 eV) neutral plasma where 
the ions are derived from a noble gas. Xenon was chosen as the active source for 
the SPIBS experiment on SCATHA, and would be a likely choice here as well. The ion 
current levels would be selectable by remote command — 10 u A, 100 u A, or 1mA. 

On SCATHA, SPI3S discharged the vehicle from a potential of -3kV using as little as 
6 pA of current. The plasma source will be simpler than SPIBS in that neither 
multi-energetic positive ion beams nor electron beams will be required. However, 
the activation process must be far simpler and quicker than for SPIBS since it will 
be turned on automatically by the controller, and must be capable of responding 
Within ten seconds. The plasma source will have the capability for 1200 hours of 
operation in space, with at least 1000 on-off cycles. This is expected to be more 
than enough to operate for three years, with a large safety factor besides. There 
will be monitor outputs to telemetry for plasma current flow, remaining gas 
supply, command status, and other diagnostics. Provisions will be made, as was 
the case for SPIBS, for a vacuum enclosure around the plasma source to allow for 
operation during spacecraft integration checks. The weight of the plasma source 
will be less than 10 pounds, and the power required for operation will be less than 
10 watts. 

The proton electrostatic analyzer will measure the incident proton spectra in 
the energy range from less than 100 eV to 20 ReV. It will- be simpler than the ESAs 
used on SCATHA since it will require, as a minimum, only eight incremental energy 
channels, with maximum channel energies (i.e. upper edge of full width at half maxi- 
mum (FWHM] ) nominally set at 100 eV, 200 eV, 500 eV, 1 KeV, 2 KeV, 5 IfeV, 10 KeV, 
and 20 KeV. The energy channels will be adjacent, and with a minimum of overlap at 
FWHM — not more than 2% of the channel central energy. The algorithms developed by 
Spiegel (ref. 4) to allow for automated interpretation of the ESA data depend criti- 
cally on the energy channels being sharply defined. The sweep period for the ESA 
to sample all channels, which determines the time-scale for the detection of space- 
craft charging, will be selectable by external command — 1 second, 5 seconds, or 
10 seconds. The ESA will include a sun sensor to reduce electron multiplier gain 
when the Instrument looks toward the sun, and also a control grid to prevent the 
low energy (< 50eV) ions from the on-board plasma source from being counted. There 
will also be available, by external command, the possibility of changing the bias 
voltage of the electron multiplier detector in order to offset the effects of de- 
gradation, and to extend its operating lifetime in space. The weight of the ESA 
will be less than 5 pounds, and the power requirement will be less than 1 watt. 

The surface potential monitor will measure the back surface voltage of a 
dielectric sample as lii the SCATHA SC-1 experiment. The surface potential and 
polarity will be determined once per second, and will include the range 100 volts 
to 20 kilovolts. The Instrument will use two different dielectric samples In 
flight. These will be chosen prior to flight from a previously-calibrated selection 
of at least six different samples of "typical satellite dielectric surfaces” such 





as aluminized kapton, silvered teflon, fused silica cover glass, etc. Weight and 
power for the Instrument should be loss than 3 pounds and 2 watts, respectively. 

The transient pulse monitor (T PM) will detect arc discharges occurring on 
the external surfaces of the spacecraft by measuring the radiated electromagnetic 
noise pulses with an externally mounted dipole sensor. Similarly to the Sill 
Instrument on SCATHA, It will record the number of pulses counted over each one- 
second Internal; also the maximum pulse amplitude (both positive and negative) 
occurring over that Interval, and the Integral of the Signal (both positive and 
negative) over the Interval. It will determine pulse width, with the capability 
of detecting pulses from 10 nanoseconds to 10 microseconds. It will also accomo- 
date amplitudes of electric field strength from 10 k i lovolts/neter down to 10 
volts/meter. Multiple threshold levels, selectable by external command, will be 
provided to determine the minimum signal level above which pulses will be record- 
ed. Multiple attenuator levels, to determine the overall gain of the system 
will also be selectable by external command. Protection will be provided against 
ringing by incorporating a dead time that will limit pulse counts to once per 
millisecond. One phase of the calibration of the transient pulse monitor will 
include the detection of simulated spacecraft arc discharges — such as nay be 
induced in a vacuum chamber by bombarding a typical spacecraft thermal control 
material with energetic electrons. The weight and power requirements for this 
instrument Should be less than 3 pounds and 3 watts, respectively. 


The controller will be the nerve center and coordinator of autonomous 
operation of the charge control system. It will accept Inputs from the state-of- 
c barge sensors (i.e. the proton ESA, the surface potential monitor, and the 
transient pulse monitor), interpret the sensor data based on previously stored 
algorithms, determine when pre-established threshold levels of charging have been 
met and then activate the plasma source, and finally, turn off the plasma source 
when the spacecraft has been discharged. Once activated by the controller the 
plasma source will remain operating for a fixed time period. That time period 

by reniote conn,and » and will include the nominal intervals of 
5, 10, 30, and 60 minutes. The threshold levels at which the plasma source will 
be activated will also be selectable by external command, and will include at 
least the (absolute and differential) potential levels 2(J0, 500, 1000, and 2000 
volts. Indications of spacecraft arcing, as determined bv the TPM will also 
cause the plasma source to be activated. The algorithm for determining the 
occurrence of spacecraft arcing from the TPM data will have the capability of 
being modified in-flight by external command so that it will not respond to the 
normal background level of electromagnetic noise from the spacecraft itself. As 
a safety measure, the controller will also incorporate the capability for external- 
command override of the operation of the plasma source — for turn-on, turn-off 
and current level settings. Finally, the controller will contain sufficient 

tC l accom ° date aa additional sensor input, if that should turn out 
be de ®* lable at s ,°; ne f “ ture date. Allotting approximately 5 pounds and 3 
,*<1 v Controller b ^ings the system totals for weight and operating power 

with h thp 6 n fa f Sma S ° UrCe °" t0 26 P° unds and 19 w atts. System power requirements 
with the plasma source not operating will be 9 watts. 


We expect the development, fabrication, and test of the charge 
to take approximately four years, so that it would be available for 
integration In 1938. Our present plan is to test-fly the system on 
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orbiting Space Shuttle, along with other AFGt-sponsorc*d experiments* The ultimate 
test of the system will require a flight at geosynchronous orbit, which Is the 
regime this system Is primarily designed for and where It will be of most value. 
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